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. $\min\{\Gamma, K\}$ $\max\{\Gamma-K, 0\}$
F SPV
$\xi\underline{\mathrm{B}}\text{ }$
$\Phi\grave{7}\ominus\underline{\ovalbox{\tt\small REJECT}}\text{ }$ Follmer and Sondermann[l]





. Follmer and Sondermann [1] ”Risk-Minimization”
2
“Risk-Minimizing
strategy” Schweizer [5] cadlag
) $\mathrm{s}$ ” Local Risk-Minimization” ”Risk-Minimization”
” $\mathrm{R}\mathrm{i}\mathrm{s}\mathrm{k}$-Minimizing strategy”
”Kunita and Watanabe decomposition” (Kunita and Watanabe[3])
$(\Omega, \mathcal{F}, \{\mathcal{F}_{t}\}_{0\leq t\leq T}, P)$
$X$ 2
$\mathcal{H}=$ {$\eta=\{\eta t\}0\leq t\leq\tau|\eta$ : (predictable), $E[ \int_{\mathrm{r}\mathrm{J}}^{T}(\eta_{s})^{2}d\langle X\rangle_{\mathrm{s}}]<\infty$}
$J \Lambda=\{M=\{M_{t}\}_{0\leq t\leq T}|M=\int_{0}^{t}\eta_{s}dX_{s}; t\in[0,T]\grave{/}\eta\in \mathcal{H}\}$
$\vee \mathrm{M}^{[perp]}=\{N=\{N_{t}\}0\leq t\leq_{-}\tau|N$ : 2 , $\langle N, M\rangle=$
$0,\forall M\in \mathcal{M}\}$




Definition 2.1 $H^{0}$ $H^{1}\in \mathcal{H}$ $V(H)$
1. $H$ $C(H)=\{C_{t}(H)\}_{0\leq t\leq T}$
$C_{t}(H)=V_{t}(H)- \oint_{0}^{t}\mathrm{f}I_{s}^{1}dX_{s}$
2. $H$ ”Meannse financing” $C(H)$ )
$C(H)$ $t$ $H$ ”self-financing” .
21
3. $T$ $\Gamma$ $\Gamma\in L^{2}(\Omega_{2}\mathcal{F}_{T_{2}}P)$
$H$ (admissible)
$V_{T}(H)=\mathrm{F}a.s$ .
Definifion 22 $H$ $t$
$R_{t}(H)=E[\{C_{T}(H)-C_{t}(H)\}^{2}|\mathcal{F}_{t}]$
$H$ ffRisk-Minimizing”
ffFor any $t\in[0,T]$ ,
$R_{\mathrm{t}}(H)\leq R_{t}(\phi)a.s$.
for every adm sible strategy $\phi$ ”







Proposition 21 $\Gamma$ $\Gamma\in L^{2}(\Omega, \mathcal{F}_{T_{1}}P)$ ;
1. $\mathrm{F}$ self-financing $H$
2. $\Gamma$ ”Rt(H) $=0a.s.$ , O\leq t\leq Tf’ $H$
3. $\Gamma$ attainable
Theorem 2I $\Gamma\in L^{2}(\Omega, \mathcal{F}\tau, P)$ $\Gamma$ (Kunita
and Watanab $e$ decompo sition);
$\mathrm{F}=E[\Gamma]+\oint_{0}^{T}\eta_{s}dX_{s}+\pi_{T}$
Risk-Minimixing stmtegy $\mathrm{f}I=(H^{0}, H^{1})$ ;
$H_{t}^{1}=\eta_{t}(= d\langle V^{*},X\rangle\ovalbox{\tt\small REJECT}_{f})$
Ht0=vt*-\eta tx








$\lambda$ \mbox{\boldmath $\tau$} $(\Omega_{3}, \mathcal{F}_{3}, P_{3})$
$[0, 1)$ $\xi$ $(\Omega_{i}, F_{i}, P_{i})$ $=1,2,3$
$\{\mathcal{F}_{1,t}^{W}\}_{0\leq t\leq T}$ $\sigma$ $F_{2}^{\tau},$
$\mathcal{F}_{3}^{\xi}$ :
$\mathcal{F}_{1_{\}}t}^{W}=\sigma(W_{s}; s\leq t)\vee N_{\mathrm{I}},$ $F_{2}^{\Gamma}=\sigma(\tau),$ $\mathcal{F}_{3}^{\xi}=\sigma(\xi)$
PI $\langle$ $\Omega,$ $\mathcal{F},$ $P)$
$\prod_{i=1}^{3}(\Omega_{i}., \mathcal{F}_{\mathrm{i}}, P_{i})$
$\{\mathcal{F}_{t}^{W}\}0\leq t\leq T,$ $\{\mathcal{F}t\}0\leq t\leq T$
$\mathcal{F}_{t}^{W}=(\mathcal{F}_{1t,\}}^{W}\mathrm{x}\{\emptyset, \Omega_{?}.\}\mathrm{x}\{\emptyset,\Omega_{3}\})\vee \mathrm{A}’$ if $0\leq t\leq T$
$\mathcal{F}_{t}=\{$
$\mathcal{F}_{t}^{W}$ $ift<T$
$(\mathcal{F}_{1,T}^{W}\text{ }\mathcal{F}_{2}^{\tau}\cross \mathcal{F}_{3}^{\xi})\vee N$ $ifT=T$
$N=\sigma(\{F\subseteq\Omega_{1}\mathrm{x}\Omega_{2}\cross\Omega_{3}|\exists G\in \mathcal{F}_{1}\mathrm{x}\mathcal{F}_{2}\mathrm{x}\mathcal{F}_{3}s.t1F\subseteq G, P_{1}\cross P_{2}\mathrm{x}P_{3}(G)=0\})$
Moller[4] Lemma34 $\mathcal{F}_{t}^{W},\mathcal{F}_{t}$ $\text{ _{}\mathrm{J}}\underline{\Phi}$
$W,$ $\tau,\xi$ $(\Omega, \mathcal{F}, P)$




Definition 3.1 $r=\{r_{t}\}_{0\leq t\leq T}$ $(\Omega, \mathcal{F}, \mathcal{F}_{t}^{W}, P)$
:
$dr_{t}=\sigma(t, r_{t})dW_{t}$ +\mu ( $r_{t/}^{\backslash }dt,$ $r_{0}$ : constant(1)




1 . $|\mu(t,x)-\mu(t,y)\backslash |+|\sigma(t, x)-\sigma(t,y)|\leq C|x-y|,$ $\int_{0}^{T}\{\sigma(t, 0)^{2}+\mu(T, 0)^{2}\}dt<\infty$
$\mathit{2}$ . $|\mu(t, x)-\mu(t, y)|\leq C|x-y|,$ $|\sigma(t,x)$ -\sigma ( $y$) $|\leq\rho(|x-y|)$
$\rho:\int_{\lfloor}0,T]arrow[0, T]$ $\text{ }\ovalbox{\tt\small REJECT}’$ $\rho(0)=0,$ $\int_{(0,t)}\rho^{-2}(u)du=\infty,\forall t\in(0,T]$
3.2 $r$ $f$
for $s<t$ $E$ [$f(r_{t})$ lJ “] $=$ $E[f(r_{t-\mathrm{s}}^{0_{\lambda}x})]|_{x=r_{s}}$
Definition 32 $T$ $B=$ {B,}0\leq T
;
$B_{t}=E[e^{-\int_{t}^{T}r_{\mathit{8}}ds}|\mathcal{F}_{f}^{W}]$
$X=\{X_{l}\}0\leq t\leq T$ ;
$X_{t}=B_{t}e^{-\int_{0}^{\mathrm{f}}r_{\mathrm{s}}d\mathrm{s}}$
3.3 $X$ $(\Omega, \mathcal{F}, \mathcal{F}_{t}, P)$ 2
3.2 A contingent claim
Definition 33 $T$ $\mathrm{A}_{T}$
$\Lambda_{T}=1_{\{T<\tau\}}+\xi e^{\int_{\tau}^{T}r_{s}ds}1_{\{T\geq\tau\}}$
$\xi\in[0,1)$ $\tau$
Definition 3.4 $T$ $\Gamma=\mathrm{A}_{T^{\wedge}}K$ (senior security)
$\Gamma=(\Lambda_{T}-K)^{+}$ (equity $secur\acute{\mathrm{v}}ty$) $K\in(0,1)$
Proposition 31 $(\mathrm{A}_{T}\Lambda K)e^{-I_{0}^{\tau_{r_{\epsilon}ds}}}$ , $(\Lambda_{T}-K)^{+}e^{-\int_{0}^{T}r_{\epsilon}d\mathrm{s}}$ 2




Section3 $X$ $(\Omega, \mathcal{F}, \mathcal{F}_{f}, P)$ $X$ $(\Omega, \mathcal{F}, \mathcal{F}_{t}, P)$ 2
( 3,2) $\mu(t_{1}\cdot)$ , $\sigma(t, \cdot)$ 2
$A_{t}F(x)= \mu(t, x)\frac{\partial F}{\partial x}(x)+\frac{1}{2}\sigma(t, x)^{2}\frac{\partial^{2}F}{\partial x^{2}}(x),$ $F\in C^{2}(\mathrm{R})$
$(\sigma(t, x)>0$ )
Theorem 41 $v\in C^{1,2}([0,T)\rangle\langle R)\cap C([0, T]\rangle \mathrm{e}R)l2$ :
$\{$
$- \frac{\partial v}{\partial\delta}+v|x|$ $=$ $A_{t}v$ ;in $[0, T)\rangle\langle R$
$v(T,x)$ $=$ 1
$\mathrm{m}\mathrm{a}\mathrm{x}0\leq t\leq\tau|v(t,x)|\leq M(1+|x|^{m})$ for some $M>0,$ $m\geq 2$ , $\frac{\partial v}{\partial x}(t, x)>0$
$w\in C^{1,2}([0, T)\mathrm{x}R)\cap C([0, T]><R)$
$\{$
$- \frac{\partial w}{\partial t}+2w|x|$ $=$ $A_{t}w$;in $[0, T)\cross R$
$w(T, x)$ $=$ 1
$\mathrm{m}\mathrm{a}\mathrm{x}0\leq t\leq\tau|w(t,x)|\leq L(1+|x|^{l})$ for some $L>0,$ $l\geq 2$
(1) $k\in C^{1,2}([0,T)\mathrm{x}R)\cap C([0, T]\mathrm{x}R)$





where $\alpha(\mathrm{f},x)=\lambda e^{-\lambda t}(Kv(t, x)-\frac{K^{2}}{2}w(t, x)\cdot)$
$\mathrm{m}\mathrm{a}\mathrm{x}0\leq \mathrm{e}\leq\tau|k(t, x)|\leq A(1+|x|^{a})$ f.or some $A>0,$ $a\geq 2$
;
$e^{-I_{\mathrm{o}(\mathrm{A}_{T}\Lambda K)=E[e^{-\int_{0}^{T}r_{\mathit{5}}ds}(\Lambda_{T}\Lambda K)]}^{\tau_{r_{s}d\mathrm{s}}}}+ \oint_{0}^{T}\eta_{s}dX_{s}+\pi_{T}$ ,
where $\eta\in \mathcal{H}$ } $\pi\in \mathcal{M}^{[perp]}$
25
$\eta_{t}=K(1-e^{-\lambda t})+(\frac{\partial k^{\wedge}}{\partial x}(t, r_{t})-\frac{\lambda K^{9}arrow}{2}e^{-I_{0^{r_{\mathrm{S}}ds}\int_{0}^{t}e^{\int_{0}^{u}r_{\mathrm{S}}ds-\lambda u_{du\frac{\partial w}{\partial x}(T,r_{t}))/\frac{\partial v}{\partial x}(t,r_{t})}}}^{t}}$
$\pi_{t}=\mathrm{A}_{T}\wedge K-(Ke^{-I_{0-}^{\tau_{r_{s}ds}}}\frac{\lambda K^{2}}{2}e\int_{0}^{T}r_{3}d_{\mathrm{S}}\int_{0}-Te\int_{0}^{u}r_{s}ds-\lambda u_{du)}\mathrm{i}ft=T$ ;
$=0$ if $t<T$
$E[e^{-\int_{0}^{T}r_{s}ds}(\mathrm{A}_{T}\Lambda K)]=k(0,r_{0})$
(2) $h\in C^{1,2}([0, T)\mathrm{x}R)\cap C([0, T]\mathrm{x}R)$




where $\beta(t,x)=\lambda \mathrm{e}^{-\lambda t}(\frac{1}{2}-Kv(f,x)+\frac{K^{2}}{2}w(t, x)1-$
$\mathrm{m}\mathrm{a}x0\leq t\leq\tau|h$ ( $x$ ) $|\leq B(1+|x|^{b})f$ or some $B>0,$ $b\geq 2$
;
$e^{-I_{\mathrm{o}(\mathrm{A}_{T}-K)^{+}=E[e^{-\int_{0}^{T}r_{\mathit{3}}ds}(\Lambda_{T}-K)^{+}]+\int_{0}^{T}\theta_{s}dX_{s}+\rho_{T}}^{\tau_{r_{\mathit{5}}ds}}}$ ,
where $\theta\in \mathcal{H},\rho\in M^{[perp]}$




1. $Risk_{k}M\mathrm{i}n\mathrm{i}miz\mathrm{i}ng$ stmtegy $H=(H^{0}, H^{1})$
$H_{t}^{\mathrm{I}}=\eta_{f},$ $H_{t}^{0}=k( \mathrm{O}, r\mathrm{o})+\int_{0}^{t}\eta_{\mathrm{S}}dX_{s}-\eta \mathrm{t}Xt$
2, R $k$-Minimizing s tegy $H=(H^{0}, H^{\mathrm{I}})$
Htl=\mbox{\boldmath $\theta$} $H_{t}^{0}=h(0,r_{0}) \dotplus\oint_{0}^{t}\theta_{s}dX_{s}-\theta_{f}X_{\mathrm{f}}$
42 (1), (2) $\pi\neq 0,$ $\rho\neq 0$
2 $\mathrm{G}$
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